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1 Introduction
In the revised WID [1] approved in RAN#90 on Extending current NR operation to 71 GHz, the following objectives related to initial access are included:
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range.

· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS (480kHz, 960kHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.

· Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 

In this contribution, the following aspects will be discussed, SS/PBCH block related aspects in Section 2.1 and RACH related aspects in Section 2.2.

[bookmark: _Ref178064866]2	Discussion
In TR 38.808 it is stated “It is observed that for a single carrier with the same number of transmitted symbols, in general, smaller subcarrier spacing may potentially provide larger coverage due to use of smaller bandwidth and gears towards (but not limited to) coverage driven scenarios.”
[image: ] [image: ]
Figure 1: (left) SSB (PSS+SSS+PBCH) maximum isotropic loss for TDL-A 3km/h, various delay spreads and subcarrier spacings. (right) PRACH maximum isotropic loss for the case of delay spread 20 ns and maximum propagation round-trip time 380 ns (ISD 100 m) with all transmit power limits considered. L is the PRACH sequence length.
That is, with larger SCS, the OFDM symbol duration becomes shorter which negatively impacts coverage for fixed payload channels (e.g., PDCCH/PUCCH) and variable payload channels (e.g., PDSCH/PUSCH). The same is true for initial access signals and channels (SS/PBCH block, PRACH) as we show using link budget results [7] respectively. In Error! Reference source not found. we repeat the link budget results from Sections 4.1.1 and 4.1.2 of [7] for SS/PBCH block and PRACH. For both SS/PBCH block and PRACH, 120 kHz SCS has more than 6 dB better maximum isotropic loss than 960 kHz. Based on the pathloss models in 38.902, this results in a 1.5 - 2 times larger cell radius and thus 2.25 - 4 times larger coverage area. We can also observe that the maximum isotropic loss for the SS/PBCH block with 120 and 240 kHz are essentially identical, due to the fixed frequency allocation (20 PRBs) and spectral power density limits.
Based on this observation, and the fact that coverage enhancements for SSB are not pursued according to the WID [1], it is important to deploy in a manner that ensures coverage, which further guides what sort of design changes/enhancements compared to Rel-16 should be supported for operation of NR in the 52.6 – 71 GHz band. Two example deployments ensuring coverage are shown in Figure 2 and Figure 3. In both cases, a carrier in the 52.6 – 71 GHz band is deployed, but for the non-standalone deployment, this carrier inter-works with a low(er)-band carrier through carrier aggregation (CA) or dual-connectivity (DC).
For the non-standalone case (Figure 2), a PCell in the low(er) band carrier is configured with 15/30 kHz SCS (for FR1) or 60/120 kHz SCS (for FR2) for which coverage is ensured. In this deployment, the existing Rel-15 initial access framework is directly appliable. In addition, an SCell or PSCell is configured on the high band carrier (in the 52.6 – 71 GHz band) with either 480 or 960 kHz SCS which inter-works with the low(er)-band carrier through CA/DC. The SCell/PSCell is activated in order to support high data rates when needed as long as the UE is in sufficiently good channel conditions. This would be the most robust way of operating, as coverage is ensured by the lower band PCell.
[image: ]
[bookmark: _Ref60908023][bookmark: _Ref61756084]Figure 2: Non-standalone deployment scenarios for ensuring coverage with reuse of FR1/FR2 initial access framework
For the standalone case (Figure 3), coverage is ensured by a PCell with an initial BWP using 120 kHz SCS. The initial BWP is used for initial access, and the existing FR2 framework is directly applicable, e.g., 120 kHz for PRACH and 120/240 kHz for SS/PBCH. To support higher data rates for UEs in good coverage there are two options; (i) intra-band multi-carrier operation in which one configures the UE with additional SCell(s) with larger bandwidth and larger SCS (480 or 960 kHz) or (ii) single-carrier operation in which one configures an additional wide BWP with larger SCS (480 or 960 kHz). 

[image: ]		[image: ]
[bookmark: _Ref60908039]Figure 3: Standalone deployment scenarios for ensuring coverage with reuse of FR2 initial access framework
	
2.1	SS/PBCH Block Related Aspects
2.1.1	SSB and initial access related signals/channels in initial BWP 
One of the sub-objectives in the WID is to study additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS (480kHz, 960kHz) for initial access related signals/channels in initial BWP. It should be noted that 120 kHz SCS is already agreed to be supported both for SS/PBCH block and initial access related signals/channels in initial BWP. We start by analyzing the case of supporting 240 kHz SS/PBCH block for initial access.
First, we note that the combination of 240 kHz SS/PBCH block and 120 kHz initial BWP (IBWP) is supported in all FR2 bands (n257 – n261) since Rel-15 (see Table 5.4.3.3-1 in [2]). In RAN1 specifications, SSB/CORESET0 multiplexing patterns, CORESET0 configurations, Type0-PDCCH monitoring configurations and default SLIV tables are already available to support operation in these bands. 
[bookmark: _Hlk61857997]In addition, 240 kHz SS/PBCH has several advantages compared to 120 kHz SCS. For example, it allows a beam sweep to be completed in half the time compared to 120 kHz SSB, and as thoroughly analyzed in [7], a 240 kHz SS/PBCH block allows a smaller relative timing error for operation in the 52.6 – 71 GHz band compared to 120 kHz SSB. Moreover, we show in [8] that for the case of 960 kHz for data/control, use of 240 kHz SCS for SS/PBCH block can allow a similar relative UE initial timing error requirement as for FR1 (minimum 0.5%). Relative UE initial timing error is defined as Te expressed as a percentage of 1/SCSSSB.
While the issue of SSB search complexity has been discussed during the study item, we show here that the search complexity for operation in the 52.6 – 71 GHz band while supporting both 120 kHz and 240 kHz SSB as in FR2 can be maintained on the same level as per band in FR2. The largest defined FR2 band is n259, spanning 4 GHz (see Table 5.2.1 in [2]). For this band (see Table 5.4.3.3-1 in [2]) there are 230 possible GSCN values for 120 kHz SCS (every sync raster point is valid) and 114 possible GSCN values for 240 kHz SCS (every second sync raster point is valid), resulting in a total of 344 possible GSCN values to search. 
While the sync raster granularity and minimum channel bandwidth are topics that will be discussed and defined in RAN4, for the sake of SSB search complexity discussion, a few options are considered here as examples. For FR2, the minimum bandwidth is 50 MHz and the sync raster granularity is 17.28 MHz. Considering all FR2 bands together, the total number of sync raster points to search is 1206. For the much larger band for above 52.6 GHz (approximately 14 GHz), the assumptions used in the examples are to use 100 MHz as minimum carrier bandwidth which allows 2x17.28 = 34.56 MHz to be used as the basic sync raster granularity. As can be observed in Table 1, the SSB search complexity is increased compared to the FR2 n259 band assuming that the UE searches for 120 kHz SCS SSB on 34.56 MHz granularity and for 240 kHz SCS SSB on 2x34.56 MHz granularity. This pessimistically assumes that in FR2, the UE only searches a single band (band n259) – if it searches more than one FR2 band, there can be no increase in total complexity.
It is still applicable to discuss how to reduce the SSB search complexity, and a few options are listed in the table (Options 1, 2, 3). With the same number of valid GSCN values per minimum carrier bandwidth as in FR2 (Options 1 and 3), the same flexibility in terms of ARFCN selection is maintained and the full FR2 initial access procedures can be re-used, including Type0-PDCCH search space and monitoring occasion tables. We emphasize that for Option 1 and 3, the total search complexity for the 14 GHz band is actually less than for the largest FR2 band (n259), meaning that it is feasible to support both 120 kHz and 240 kHz SCS SSB without a complexity increase compared to FR2.
[bookmark: _Ref61762180][bookmark: _Toc61860310][bookmark: _Hlk61762211]Like in Rel-15/16 FR2, for initial access (PCell), support 240 kHz SCS for SS/PBCH block in an initial BWP (in addition to the already supported 120 kHz) and 120 kHz SCS for initial access related signals/channels in an initial BWP.

[bookmark: _Ref60985963]Table 1 SSB search complexity overview
	
	Min BW
	Sync raster granularity
	Total SSB search complexity
	Comment

	FR2 
	50 MHz
	17.28 MHz
	344
	For largest FR2 band (n259 = 4 GHz).
SSB search complexity for all FR2 bands: 1206
At least 2 valid GSCN per 50 MHz carrier

	Baseline option for 57 – 71 GHz band
	100 MHz
	2x17.28 = 34.56 MHz
	~600
	Assumes 14 GHz band
At least 2 valid GSCN per 100 MHz carrier

	Option 1 (increase min BW)
	200 MHz
	4x17.28 = 69.12 MHz
	~300
	At least 2 valid GSCN per 200 MHz carrier

	Option 2 (reduce # of sync raster points per min BW)
	100 MHz
	4x17.28 = 69.12 MHz
	~300
	At least 1 valid GSCN per 100 MHz carrier

	Option 3 (further increase of min BW)
	400 MHz
	8x17.28 = 138.24 MHz
	~150
	At least 2 valid GSCN per 400 MHz carrier
Might be too large minimum BW



[bookmark: _Ref61623251]2.1.2	SSB for cases other than initial access
[bookmark: _Hlk61615623]Another sub-objective in the WID is to study additional SCS (480 kHz, 960 kHz) for SS/PBCH block, and additional SCS (480 kHz, 960 kHz) for cases other than initial access. One example of "cases other than initial access" is when an SCell is configured with large SCS (480 kHz, 960 kHz) for data/control. For this case, if SS/PBCH transmissions with larger SCS (480 kHz, 960 kHz) are defined, single numerology operation on the SCell can be achieved without the complications of re-designing the FR2 initial access framework. Based on this, we propose the following:  
[bookmark: _Toc61860311]For cases other than initial access (e.g. for an SCell), support 480 and 960 kHz SCS for SS/PBCH block.
We observe that for basic SCell operation, only SS/PBCH transmission is required, i.e., the MIB can indicate that CORESET0 (and thus SIB1) is absent. For an SCell operating on larger SCS (480 or 960 kHz), a BWP using that SCS is configured from the PCell via dedicated signaling. For the case of a non-initial BWP, the SCS is provided by the parameter subcarrierSpacing. Fortunately, there are 3 available spare values in subcarrierSpacing and two of these can be used for indicating 480 and 960 kHz SCS, still leaving one spare value: 
SubcarrierSpacing information element
-- ASN1START
-- TAG-SUBCARRIERSPACING-START

[bookmark: TSubcarrierSpacing]SubcarrierSpacing ::=               ENUMERATED {kHz15, kHz30, kHz60, kHz120, kHz240, kHz480spare3, kHz960spare2, spare1}

-- TAG-SUBCARRIERSPACING-STOP
-- ASN1STOP

[bookmark: _Toc61860305]For basic SCell operation, two of the spare bits in IE SubcarrierSpacing can be used to indicate either 480 or 960 kHz SCS for a non-initial BWP via dedicated signaling.

2.1.3	SSB time domain patterns (for 480/960)
For FR2, SSB time domain patterns are defined for 120 kHz (Case D) and 240 kHz (Case E) SCS. These patterns are designed to support operation with SS/PBCH transmission with a different SCS than for data and control channels, for example SS/PBCH with 240 kHz SCS and data/control with 60 or 120 kHz SCS. The patterns are also designed with a longer gap (2 slots) between certain SSBs to allow slot-length and sub-slot-length UL and DL transmissions even when a large number of SSB beams is used.
As SSB patterns are already specified for 120 and 240 kHz SCS operation, and we do not see any reason to drastically change these. Hence the discussion here will focus on time domain patterns for 480 and 960 kHz SCS. There are several aspects to consider when designing the SSB time domain patterns for larger SCS, and before discussing the details it makes sense to agree on what design principles to focus on.
Gaps between SSB beams
Gaps can be useful for various reasons: for short UL or DL transmissions (a few symbols), for longer UL or DL transmissions (a few slots), or for beam switching (if cyclic prefix is not judged to be long enough for this). 
When increasing the SCS, the time duration of a 64 beam SS/PBCH transmission is reduced substantially. For example, if 64 SS/PBCH beams are transmitted in 32 slots, the time duration of the SS/PBCH beam sweep is 0.5 ms if 960 kHz SCS is used. Using 480 kHz SCS, the corresponding time duration is 1 ms. With these short beam sweep times, the need to define longer gaps between SS/PBCH beams for PDSCH/PUSCH transmissions is reduced.
To be able to utilize the gaps between the SS/PBCH block beams for short UL transmissions, they need to be large enough to fit DL/UL + UL/DL switching and one or two symbols for transmission in-between. In [4], the RX-TX transition times, NRx-Tx and NTx-Rx, are specified to 13792*Tc which translates to approximately 7 µs. We note that the RAN4 requirement is 5 µs for the UE [2]. For 960 kHz SCS, one OFDM symbol is approximately 1 µs long. Hence, the switching time translates to a large number of 960 kHz symbols, making the short gaps between SS/PBCH blocks not very useful for UL transmissions. 
According to the WID objectives [1], only normal cyclic prefix is to be considered. Another objective is to adopt a common design framework for 480 and 960 kHz SCS. For 960 kHz SCS, the CP length is 73 ns. Due to the short CP length for 960 kHz SCS, it seems reasonable to define a one symbol beam switching gap between SS/PBCH block transmissions. 
As an example design approach, the SSB time domain patterns for 480 and 960 kHz SCS can be based on the FR2 Case D pattern, but adding a one symbol gap for beam switching between SSB beams as shown in Figure 4. 

[image: ]
[bookmark: _Ref60992867]Figure 4: Example SSB time domain pattern for 480 and 960 kHz SCS. Pattern based on Case D pattern with one symbol gap inserted between SSBs.

By modifying the Case D pattern slightly, all slots could have the same pattern as shown in Figure 5.

[image: ]
[bookmark: _Ref60992853]Figure 5: Example SSB time domain pattern for 480 and 960 kHz SCS. Pattern based on Case D pattern with one symbol gap inserted between SSBs and modified to have the same pattern in all slots.

The FR2 Case D definition is [3]:
Case D - 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes [image: ]. For carrier frequencies within FR2, .
In the existing Case D pattern, it can be observed that n = 4, 9 and 14 are missing, allowing for longer (two slot) gaps between adjacent SS/PBCH blocks. If it is deemed unnecessary to design for such gaps due to the short overall beam sweep time, then the basic pattern shown in Figure 5 could be adopted with the following changes to the values of n:
{4, 9, 18, 23} + 28*n, with n = 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15
To summarize, the following is proposed:
[bookmark: _Toc61860312]Discuss and agree on design principles for defining SSB time domain patterns for 480 and 960 kHz SCS, including whether or not it is needed to include short gaps for beam switching (e.g., 1 OFDM symbol) and/or long gaps (e.g., 2 slots) to allow for UL transmissions.
[bookmark: _Toc61860313]Use SSB time domain patterns for 120 and 240 kHz SCS as defined for FR2 as a starting point for the design.
2.1.4	SSB transmission window
For NR-U in the 5/6 GHz band, allowing the SS/PBCH blocks to slide within the discovery burst transmission window due to LBT outcome is an optimization. At low-to-moderate loads – the preferred operating point of the system – and/or in controlled environments, a large fraction of the time, sliding is not needed. Furthermore, occasional dropping of an SS/PBCH block due to LBT failure is not disastrous to system performance.
[bookmark: _Hlk52951538]In the 52.6 – 71 GHz band, the need for sliding within a window is even less since LBT failure is rare or even nonexistent. LBT is not a requirement in all regulatory regions or bands, and thus it has been agreed to support both a mode with and without LBT. Even for regions/bands where LBT is required (e.g., c1 band according to HS EN 302 567), the LBT threshold is much higher than for the 5/6 GHz band. System simulation results (see [6]) show that the system performance without LBT is on par, or even better, than with LBT. This can be explained by the fact that the inherent use of narrow beams and the large path loss significantly reduces the probability of interference. 
In addition, recent updates to draft EN 302 567 v2.2.0 include a clause for Short Control Signaling. Based on this we make the following proposal (as discussed in [5] and repeated here for convenience):
[bookmark: _Toc53738664][bookmark: _Toc61356635][bookmark: _Ref61765508][bookmark: _Toc61860314]Consistent with EN 302 567, when operating in LBT mode a node can access the channel without LBT for control signal/channel transmissions, the total duration of which shall not exceed 10ms within an observation period of 100ms. The following signals/channels shall be classified as Short control signaling transmissions:
a. [bookmark: _Toc61356636][bookmark: _Toc61860315]SS/PBCH blocks 
b. [bookmark: _Toc61356637][bookmark: _Toc61860316]PRACH 
c. [bookmark: _Toc61356638][bookmark: _Toc61860317]FFS: Other control transmissions not multiplexed with user data (subject to gNB configuration)
For these reasons, it is not necessary to optimize the SS/PBCH transmission/reception mechanism by introducing a transmission window. In addition, this allows a design that is common between licensed and unlicensed operation (both with and without LBT) which simplifies the UE procedures for initial access when it is unknown to the UE if the gNB operates with or without LBT.
[bookmark: _Toc61860306]It is not necessary to optimize the SS/PBCH transmission/reception mechanism by introducing a transmission window, especially since SS/PBCH blocks can be classified as short control signaling transmissions consistent with EN 302 567.

2.2	RACH Related Aspects
As discussed in Section 2.1.1 with respect to SSB, we prefer to avoid re-designing the FR2 initial access framework. Further, we propose in Proposal 1 that 120 kHz SCS is supported for initial access related signals/channels in an initial BWP, which includes PRACH. Based on this, we don't believe is necessary to introduce additional SCSs (480/960 kHz) for PRACH for initial access. However, as discussed in Section 2.1.2, for cases other than initial access (e.g. in an SCell) where coverage is not a concern, introduction of 480/960 kHz SCS for PRACH (in addition to SSB) would allow for single numerology operation of all signals/channels.

[bookmark: _Toc61860318]For cases other than initial access (e.g. for an SCell), support 480 and 960 kHz SCS for PRACH

As shown in the WID objectives listed in Section 1, it has been agreed to support PRACH sequence length L = 139/571/1151, which is useful from a coverage perspective for 120 kHz PRACH. However, for 480/960 kHz PRACH sequence lengths L = 571/1151 would lead to excessive PRACH bandwidth (e.g., 548 MHz/1.1 GHz for 960 kHz SCS). Such wide PRACH bandwidth is not needed in order to maximize PRACH transmission power given regulatory/UE power limits.

[bookmark: _Toc61860307]While L = 139/571/1151 is beneficial for 120 kHz PRACH from a coverage perspective, the longer sequence lengths (L = 571/1151) lead to excessive PRACH bandwidth for 480/960 kHz PRACH, and are not needed in order to maximize PRACH transmission power given regulatory/UE power limits.

[bookmark: _Toc61860319]Specify support for all sequence lengths (139/571/1151) for 120 kHz PRACH. For 480/960 kHz PRACH, specify support for only L = 139.

PRACH SCSs 480/960 kHz lead to PRACH occasions that are 4 or 8 times shorter than for 120 kHz, in theory allowing PRACH occasions to be 4 or 8 times more densely spaced in time. Such dense spacing would, however, increase the PRACH processing load (operations/unit time) by the corresponding factor. In order to avoid this, it is important to support PRACH configurations for 480/960 kHz SCS that allow maintaining the same PRACH processing load as for 120 kHz PRACH configurations.

[bookmark: _Ref61755811][bookmark: _Toc61860320]For 480/960 kHz PRACH, support PRACH configurations that allow maintaining the same PRACH processing load (operations/unit time) as for 120 kHz PRACH configurations.

The design of the PRACH configuration tables for FR1/FR2 in Rel-15 was a tedious process, and it would be preferable to avoid this when defining the band above 52.6 GHz. It would therefore be beneficial to reuse the existing Rel-15/16 FR2 PRACH configuration table (Table 6.3.3.2-4 in 3GPP TS 38.211 [4]) also for higher SCSs. In the following we discuss how this may be achieved when introducing SCS larger than 120 kHz for PRACH.

A small excerpt from the 38.211 table is shown in Table 2 for the example of the A3 preamble format.

[bookmark: _Ref61624213]Table 2 Excerpt of PRACH configuration table for FR2 (from 3GPP TS 38.211 [4], Table 6.3.3.2-4)
	PRACH
Config. 
Index
	Preamble format
	[image: ]
	Slot number
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration
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	68
	A3
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	2
	6

	69
	A3
	2
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2
	6

	70
	A3
	1
	0
	19,39
	7
	1
	1
	6

	71
	A3
	1
	0
	3,5,7
	0
	1
	2
	6




The design of the FR2 PRACH configuration table is intimately linked to the ratio between the durations of a system frame and a reference 60 kHz slot. Specifically, the “Slot number” column refers to 60 kHz reference slots, and since there are forty 60 kHz slots in a system frame, the listed slot numbers range up to at most 39. If a larger SCS was defined for the reference slots, these slot ranges would no longer be appropriate, because they would not span a system frame, thus requiring changes to the table to avoid incurring undesirable additional latency. Therefore, in order to directly reuse the FR2 PRACH configuration table, the reference slot SCS should remain as 60 kHz for supporting PRACH with 480/960 kHz SCS. In the following discussion we demonstrate how this may be done while maintaining configuration flexibility and avoiding increases in latency.

In FR2, the number of PRACH slots (60/120 kHz SCS) within a 60 kHz reference slot is always 1 or 2, as reflected in the table column “Number of PRACH slots within a 60 kHz slot”. As discussed above, in order not to increase the PRACH processing load beyond the load with 120 kHz SCS PRACH, there should still be a maximum of 2 slots used for 480/960 kHz PRACH within any 60 kHz reference slot. For Rel-15/16 FR2, which 1 or 2 slots within a 60 kHz reference slot to use for PRACH is derived from the configured PRACH SCS and the value in the table column “Number of PRACH slots within a 60 kHz slot”. According to Section 5.3.2 of 3GPP TS 38.211 [4], the PRACH slot index [image: ] within a 60 kHz slot is obtained as follows:
-	if [image: ], then [image: ]
-	if [image: ] and either of "Number of PRACH slots within a subframe" in Tables 6.3.3.2-2 to 6.3.3.2-3 or "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 1, then [image: ]
-	otherwise, [image: ]
Thus, for 120 kHz PRACH, if only 1 PRACH slot is indicated, then only the 2nd of the two PRACH slots within the reference 60 kHz slot is used; otherwise both are used.

For 480/960 kHz, corresponding rules for which 1 or 2 slots to use for PRACH must be specified. Possible rules for which 480/960 kHz slots to use when “Number of PRACH slots within a 60 kHz slot” equals 1 are illustrated in Figure 6 (exemplified for PRACH configuration 71 in Table 2). When “Number of PRACH slots within a 60 kHz slot” equals 2, a key design aspect is to ensure that the PRACH slots are sufficiently spread in time to avoid peaks in processing load. Possible rules fulfilling this requirement are illustrated in Figure 7. The example rules illustrated in Figure 6 and Figure 7 can be included in 38.211 by adding the following to the above bullets:

-	if   then  if "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 1, and  if "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 2.
-	if  then  if "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 1, and  if "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 2.

[image: ]
[bookmark: _Ref61858673]Figure 6: Illustration of possible rules for which slots within a 60 kHz slot to use for PRACH when “Number of PRACH slots within a 60 kHz slot” equals 1.

[image: ]
[bookmark: _Ref61858690]Figure 7: Illustration of possible rules for which slots within a 60 kHz slot to use for PRACH when “Number of PRACH slots within a 60 kHz slot” equals 2.

The location of PRACH occasions within a 60 kHz reference slot is then determined in Section 5.3.2 of 38.211 as follows:
,
where  is the starting OFDM symbol (in the PRACH SCS) of a PRACH occasion within the reference 60 kHz slot, [image: ] is given by the column "Starting symbol" in the PRACH configuration table, [image: ] is the PRACH occasion duration in number of OFDM symbols and is given by the column “[image: ], PRACH duration”,  is the PRACH occasion index within the slot and ranges from 0 up to one less than the value in the column “,number of time-domain PRACH occasions within a PRACH slot”, and  is the PRACH slot index within the 60 kHz reference slot as discussed above. In order to support 480/960 kHz SCS, there is no need to make any changes to this equation or these table columns.
In summary, all columns in the current RACH configuration table for FR2 can be used "as is," for supporting 480/960 kHz PRACH. The only thing that needs to be changed is to add a rule, as described above, for defining which 1 or 2 480/960 kHz slots within a reference 60 kHz slot are used.

[bookmark: _Toc61860308]The current PRACH configuration table for FR2 which defines PRACH slot positions based on a reference numerology of 60 kHz can be reused as is for 480/960 kHz. What needs to be specified is a rule on which 1 or 2 480/960 kHz slots within the reference 60 kHz slot contain PRACH occasion(s).

[bookmark: _Toc61755594][bookmark: _Toc61755835][bookmark: _Toc61765941][bookmark: _Toc61860321]To fulfill Proposal 8, support configuration of PRACH occasion(s) in only 1 or 2 480/960 kHz slots within a 60 kHz reference slot.

[bookmark: _Toc61860322]For 480/960 kHz PRACH, reuse the current PRACH configuration table in 38.211 for FR2 "as is." Specify rule for which 1 or 2 480/960 kHz slots within a 60 kHz reference slot are used depending on the value in the existing column "Number of PRACH slots within a 60 kHz slot" in the current PRACH configuration table. The rule should be common for all PRACH configurations in the table.

2.2.1	LBT gaps between consecutive RACH occasions
For NR-U in the 5/6 GHz band, it was discussed whether or not to introduce gaps between consecutive PRACH occasions within a PRACH slot. In the end, it was decided not to introduce such gaps, as this was viewed as an optimization. In the 52.6 – 71 GHz band, the need for such gaps is even less since LBT failure is rare or even nonexistent. LBT is not a requirement in all regulatory regions or bands, and thus it has been agreed to support both a mode with and without LBT. Even for regions/bands where LBT is required (e.g., c1 band according to HS EN 302 567), the LBT threshold is much higher than for the 5/6 GHz band. System simulation results (see [6]) show that the system performance without LBT is on par, or even better, than with LBT. This can be explained by the fact that the inherent use of narrow beams and the large path loss significantly reduces the probability of interference. 
In addition, recent updates to draft EN 302 567 v2.2.0 include a clause for Short Control Signaling. Based on this we include Proposal 5 in Section 2.1.4 in which we propose that PRACH is classified as Short control signaling consistent with EN 302 567 v2.2.0. With such classification, it is not necessary to optimize the PRACH design by introducing gaps between consecutive PRACH occasions within a PRACH slot since in almost all scenarios, LBT will not be required prior to PRACH transmission. In addition, this allows a design that is common between licensed and unlicensed operation (both with and without LBT).
[bookmark: _Toc61860309]It is not necessary to optimize PRACH design to allow for gaps between consecutive PRACH occasions within a PRACH slot, especially since SS/PBCH blocks can be classified as short control signaling transmissions consistent with EN 302 567.
Conclusion
In the previous sections we made the following observations: 
Observation 1	For basic SCell operation, two of the spare bits in IE SubcarrierSpacing can be used to indicate either 480 or 960 kHz SCS for a non-initial BWP via dedicated signaling.
Observation 2	It is not necessary to optimize the SS/PBCH transmission/reception mechanism by introducing a transmission window, especially since SS/PBCH blocks can be classified as short control signaling transmissions consistent with EN 302 567.
Observation 3	While L = 139/571/1151 is beneficial for 120 kHz PRACH from a coverage perspective, the longer sequence lengths (L = 571/1151) lead to excessive PRACH bandwidth for 480/960 kHz PRACH, and are not needed in order to maximize PRACH transmission power given regulatory/UE power limits.
Observation 4	The current PRACH configuration table for FR2 which defines PRACH slot positions based on a reference numerology of 60 kHz can be reused as is for 480/960 kHz. What needs to be specified is a rule on which 1 or 2 480/960 kHz slots within the reference 60 kHz slot contain PRACH occasion(s).
Observation 5	It is not necessary to optimize PRACH design to allow for gaps between consecutive PRACH occasions within a PRACH slot, especially since SS/PBCH blocks can be classified as short control signaling transmissions consistent with EN 302 567.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Like in Rel-15/16 FR2, for initial access (PCell), support 240 kHz SCS for SS/PBCH block in an initial BWP (in addition to the already supported 120 kHz) and 120 kHz SCS for initial access related signals/channels in an initial BWP.
Proposal 2	For cases other than initial access (e.g. for an SCell), support 480 and 960 kHz SCS for SS/PBCH block.
Proposal 3	Discuss and agree on design principles for defining SSB time domain patterns for 480 and 960 kHz SCS, including whether or not it is needed to include short gaps for beam switching (e.g., 1 OFDM symbol) and/or long gaps (e.g., 2 slots) to allow for UL transmissions.
Proposal 4	Use SSB time domain patterns for 120 and 240 kHz SCS as defined for FR2 as a starting point for the design.
Proposal 5	Consistent with EN 302 567, when operating in LBT mode a node can access the channel without LBT for control signal/channel transmissions, the total duration of which shall not exceed 10ms within an observation period of 100ms. The following signals/channels shall be classified as Short control signaling transmissions:
a.	SS/PBCH blocks
b.	PRACH
c.	FFS: Other control transmissions not multiplexed with user data (subject to gNB configuration)
Proposal 6	For cases other than initial access (e.g. for an SCell), support 480 and 960 kHz SCS for PRACH
Proposal 7	Specify support for all sequence lengths (139/571/1151) for 120 kHz PRACH. For 480/960 kHz PRACH, specify support for only L = 139.
Proposal 8	For 480/960 kHz PRACH, support PRACH configurations that allow maintaining the same PRACH processing load (operations/unit time) as for 120 kHz PRACH configurations.
Proposal 9	To fulfill Proposal 8, support configuration of PRACH occasion(s) in only 1 or 2 480/960 kHz slots within a 60 kHz reference slot.
Proposal 10	For 480/960 kHz PRACH, reuse the current PRACH configuration table in 38.211 for FR2 "as is." Specify rule for which 1 or 2 480/960 kHz slots within a 60 kHz reference slot are used depending on the value in the existing column "Number of PRACH slots within a 60 kHz slot" in the current PRACH configuration table. The rule should be common for all PRACH configurations in the table.
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